Introduction
Daily intervention is applied by some monetary authorities, such as Germany Eijffinger, 1994 and 1996) , Russia (Tullio and Natarov, 1999) and Pakistan (Shah et al., 2009) , in the most of trading days. China is also the country which applies the intervention in the most of trading days. Official daily intervention in the foreign exchange market has been a distinctive feature of China's exchange rate policy. As in other emerging market economies, the primary motivation of China's daily intervention is to align the exchange rate to fundamentals as suggested in the 1985 Plaza Accord (Baillie and Osterberg, 1997) , and to stabilize the disorderly foreign exchange market (Szakmary and Mathur, 1997; Disyatat and Galati, 2007; Pontines and Rajan, 2011) . However, despite its critical importance, little is understood about the country's intervention operation. This hampers keeping China's exchange rate policy and its global repercussions in perspective, and hence calls for research attention.
In the new managed floating rate regime, the central parity rate plays a key role. On every business day, this rate is published by the authorities before the market opening. It then remains valid for the day and all market transactions are based upon it. This rate also provides an anchor for the system. In addition, the central parity rate is a policy indicator. In the process of setting the parity rate, the central bank takes into account current and expected economic conditions. Through setting the parity rate at different levels, the central bank may affect the benchmark for transactions in the marketplace, anchoring stability of the Chinese foreign exchange market and transmitting policy signals to market participants.
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This study is motivated to examine China's intervention in the central parity rate (the Daily Price intervention) because of its primary importance in the nation's intervention nexus; such research will help to achieve a better understanding of China's exchange rate policy, which is increasingly exhibiting global influences. To this end, the first important dimension concerns understanding the determinants of such intervention. The first challenge is to model a reaction function based on a non-linear relationship, because intervention in the central parity rate does not increase or decrease in approximately the same magnitude. Literature has shown that Tobit models are appropriate when the research interest lies in the magnitude of intervention rather than the probability (Humpage, 1999; Brandner and Grech, 2005) .
However, given the fact that threshold varies depending on individual characteristics (Omori and Miyawaki, 2010; Nakayama et al., 2010) , we combine the Tobit analysis with covariate dependent thresholds. This paper begins by using the Bayes Tobit model as the reaction function.
The work contributes to the literature in several ways. First, we develop a Daily Intervention Index that is constructed by comparing the daily central parity rate to the fair value CNY/USD rate in the IFV approach. Analysis based on this index, the current research unearths evidence on how the foundation of China's exchange rate regime, i.e. the parity exchange rate is managed by the authorities. This sheds critical lights on the properties and frequency of Chinese official intervention and hence helps promote a better understanding of the Chinese exchange rate policy which has growing global importance. Then, the findings by this research confirms the significant effects of three determinants underlying the process of China's setting of the central parity rate reveals the true nature of the Chinese exchange rate regime. These three determining factors include the RMB price in previous trading sessions (proxied by the market makers' offer rate), international currency movements (proxied by the Broad Dollar Index compiled by 4 America's Federal Reserves) and macro conditions of the economic environment (proxied by the yield curve spread between China and the USA). For practical purposes, with knowledge of these factors international investors and policy observers in the Chinese financial market can gauge possible changes and their future trend of China's central parity as the benchmark exchange rate changes. Finally, for the traders who are involved in China currency business, a better understanding of how and when China's intervention operations may happen can help them design a better informed trading strategy.
In terms of policy implications, this research shows that China's intervention can be effective under some conditions. This means that it is possible for the Chinese government to operate a middle way between the free floating and the fixed exchange rate system. In turn, China to some extent can manage to mitigate the effects of the monetary policy trilemma. This is important to understand fundamental policy development in China.
The results from the Bayes Tobit models show that, generally, these factors have significant effects on China's Daily Price intervention in the whole sample. Results for the whole sample suggest that China follows a leaning-against-the-wind policy, and conditions of domestic economy and foreign market can impact Daily Price intervention. Furthermore, coefficients on the determinants are found to be time-varying across different subsamples, and between high and low intervention. The evidence indicates that China's Daily Price intervention has multi-facets. With regard to high intervention, the policy objective during all the subsample time periods relates to market exchange rate condition. For low intervention, the policy objective ranges from restraining the domestic economy from overheating before the financial crisis, to a focus on market exchange rate conditions during and after the financial crisis.
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The rest of this chapter is organized as follows. Section 2 describes measurement of China's Daily Price intervention and the data deployed in the study. Section 3 estimates the Bayes Tobit models. Section 4 reports the estimation results. Section 5 presents the main findings of the study.
Data Description

Forms and Measures of Foreign Exchange Intervention
Forms of China's intervention
From an operational standpoint, there are three major ways in which the Chinese monetary authorities may intervene in the foreign exchange market:
(1) The central bank (CB) intervenes by directly selling or purchasing foreign currencies in the marketplace. In the case of purchase intervention, the central bank trades foreign currencies with central bank notes; in selling intervention, it pours foreign reserves into the market. We term this type of intervention 'quantity intervention'; it is also called CB intervention, as it involves the central bank participating in market transactions. Only rarely would the Chinese monetary authorities intervene through adjusting the interest rate or changing commercial banks' required reserve rate.
(2) The central bank controls the level and growth of the RMB exchange rate by specifying the central parity rate (CPR) and the range around which the daily trading prices are allowed to fluctuate. We call this 'daily price intervention', since this intervention operation involves the setting and adjustment of the central parity.
(3) Intervention may also take an oral form, including policy briefing, moral persuasion, formal and informal meetings, and telephone conversations. We call this 'Oral 6 intervention'. It is straightforward for the Chinese central bank to effectuate this form of intervention by instructing or directing the attention of the state-owned banks towards 'things to note', which are dominant forces in the Chinese foreign exchange market.
Of the three forms of Chinese official intervention, this paper concentrates on the Daily Price intervention, due to data availability 1 . March 2014 (PBOC, 2014 . This serves the PBOC's purpose, which is to increase the elasticity of the RMB exchange rate. The daily central parity is published by the China Foreign Exchange Trade System (CFETS) at 9:15; this is fifteen minutes before the start of the foreign exchange opening hours, which run from 9:30 to 15:30 Beijing time. The price-setting process for the central parity considers three functions (CFETS, 2013) : the prices of central parity of all foreign exchange market makers asked by CFETS before the opening time; the changes in foreign exchange market conditions; and China's macro economy condition. As proxies for these three functions we use CNY/USD exchange rate offers from foreign exchange market makers, broad currency index, and the yield curve spread, respectively. Therefore, this research tests whether or not CNY/USD exchange rate offers, broad currency index and the yield curve spread are determinant factors of Daily Price intervention.
Development of the central parity rate
Two evidences used central parity rate to intervene RMB exchange rate movements.
First, some Chinese literature argues that the PBOC controls RMB exchange rate through the 8 central parity rate. For example, Zhao et al. (2012) indicate that if the PBOC never loses control of the central parity rate, then the RMB exchange rate must follow the will of the PBOC. In addition, Zhao et al. (2013) and Shen (2013) This chapter tries to fill this critical void.
Measuring China's daily price intervention
This research constructs a Daily Price intervention ratio by comparing the CPR with the fair value CNY/USD exchange rate estimated by the indirect fair value (IFV) approach.
From the fair value exchange rate, we can find out at what level the exchange rate should be.
Over the years, a number of models of currency fair value have been developed.
Financial markets have developed formulas and models to derive fair values for futures, bonds, options, swaps and other securities (Aries et al., 2006) . Empirical estimations make extensive use of purchasing power parity (PPP) (Officer, 1976) , Pen effect (Summers and Heston, 1991) , fundamental equilibrium exchange rate (FEER) (Williamson, 1983 and 1994) , behavioural equilibrium exchange rate (BEER) (Clark and MacDonald, 1999) and indirect fair value (IFV) (Cenedese and Stolper, 2012) to measure exchange rate misalignment. IFV estimates are based on the assumption that speculative activity is the principal cause of misaligned exchange rates (Cenedese and Stolper, 2012) . In comparison with PPP, Pen effect, FEER and BEER, the IFV has some advantages: First, only IFV can focus on daily financial 9 and macro data, while the other models have to use quarterly or yearly data (Zhang, 2012) .
Second, the fair value does not require restrictive assumptions on financial market equilibrium to be operational (Clarida, 2013) . Third, the IFV model benefits from ease of operability. Like the BEER model, IFV is estimated using co-integration techniques. To our knowledge, this IFV approach has not been previously formalized in the academic literature.
The IFV approach is based on the assumption that misaligned exchange rates are caused by speculative activity (Lyons, 2001 ). The following equation can express the relation between the exchange rate level and the speculative positioning:
where is the spot exchange rate observed in the FX market, is a vector of broadly defined fundamentals, is speculative activity variables, and is a residual error.
Depending on equation (1), it is possible to use the parameter estimates to calculate fair value in the following equation:
with the overbar denoting the value of S that is neutral speculative positioning. In most cases the choice of neutral speculative positioning is the sample mean.
If the CPR is contrary to the prediction of the market, and is 1% (0.3% during the 
where is the Daily Price intervention index, is the present central parity rate, and −1 is the fair value RMB exchange rate estimated by the IFV approach at day t. High intervention (depreciates the Chinese yuan) means the CPR is 100% higher than the benchmark, but if the Daily Price intervention ratio is 100% lower than the benchmark, it is termed low intervention (appreciates the Chinese yuan); otherwise there is no intervention.
This means high intervention is larger than 1, and low intervention is smaller than 1.
For example, on 30/04/2009, the fair value exchange rate was 6.98, but the CPR was 6.83; this is interpreted as an appreciation of the RMB with intervention by the PBOC.
Therefore, this date is marked as low intervention. On 03/02/2011, the markets considered the RMB fair value exchange rate should be 6.51, but the PBOC set the CPR at 6.59, indicating a depreciation of the RMB. Accordingly, this date is marked as high intervention.
Data Description
The dataset
The dataset analysed in this study contains daily intervention over an 8-year period Figure 3 presents the time series of daily intervention index. Table 3 ADF and PP tests Methods t-Statistic ADF -3.423*** PP -4.574*** Note: *** significant at 1%, ** at 5%, * at 10% level; the null hypotheses for ADF and PP tests is that the variable follows a unit root process. Note: High intervention is larger than 1; low intervention is smaller than 1.
Determining factors
CNY/USD exchange rate offers. Similar to the London Gold Fix and European
Currency Unit (ECU) concertation procedure, the RMB exchange rate central parity process involves CNY/USD exchange rate offers from foreign exchange market makers. Because the Testing for breaks in RMB exchange rate (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) 13 price of central parity provided by different makers is confidential, the makers' RMB exchange rate offer is the best proxy for central parity price. Data on exchange rate prices is available for only 6 banks, and we cannot know the weights. In addition, we use the CNY/USD exchange rate in the US market to be the proxy for foreign banks' offers. The offers from foreign banks are less controlled by the Chinese government and should follow the exchange rate in the US foreign exchange market. Moreover, although we do not know the weights, we know that the Bank of China occupies the greatest weight, as the majority of foreign reserves are in the Bank of China. Therefore, this research first uses the average mean of the 5 banks' exchange rate prices and exchange rate in the US market, and then sums the exchange rate price from the Bank of China to be the price of central parity from foreign exchange market makers. The equation for CNY/USD exchange rate offers is as follows:
where ERO is the CNY/USD exchange rate offers, EROBC is the exchange rate offer from the Bank of China, and EROM is the average mean of the 5 banks' exchange rate prices and exchange rate in the US market. In addition, EROM is the exchange rate offers deviation, equalling RMB exchange rate minus exchange rate offers.
Broad currency index. Unlike the London Gold Fix and the ECU concertation
procedure, China's central parity also considers the changes in foreign exchange market conditions. We use broad currency index as the proxy for foreign exchange market condition.
The broad currency index is a weighted average of the foreign exchange values of the US dollar against the currencies of a large group of major US trading partners, including China.
It is an appropriate measure for the foreign exchange market condition, as we can use it to get 14 the situations of the basket currencies relevant to the RMB exchange rate movement. 2 The change of broad currency index is estimated as follows:
where is the change of broad currency index, which is calculated by broad currency index on day t minus index on day t-1. Poor foreign exchange market condition would trigger
Daily Price intervention by the PBOC. Therefore, we assume that the relation between the Daily Price intervention and the change of broad currency index should be negative.
The yield curve spread. The PBOC also needs to consider the condition of China's macro economy. The yield curve spread is a proxy for China's macroeconomic condition.
Based on studies by Harvey (1988) , Estrella and Hardouvelis (1991) , and Rudebusch and Williams (2009) , it can play a useful role in macroeconomic prediction. The yield curve spread used in this research is the 10-year government bond yield minus the 12-month government bond yield, gained through the following equation:
where is the yield curve spread, 10 is the 10-year government bond yield, and 1 is the 12-month government bond yield. The relation between the yield curve and the economy should be positive (Estrella and Mishkin, 1998) . From Figure 4 , we can see that the yield curve has co-movement with the GDP growth. 
Tobit Model with Covariate Dependent Thresholds
The Tobit model with covariate dependent thresholds is a development of the standard Tobit model. Although Tobit models can overcome the problem whereby the dependent variable takes a value of zero most of the time, the coefficients cannot be estimated when the deterministic thresholds 3 can vary with individuals depending on their characteristics (Omori and Miyawaki, 2010; Nakayama et al., 2010) . In such a model with covariate dependent thresholds, the th response variable is observed if it is greater than or equal to a threshold = ′ where ′ and are a × 1 covariate vector and a corresponding coefficient vector, respectively. The vector ′ consists of the covariates that impact the decision whether to engage in Daily Price intervention. Using a Bayesian approach, we describe a Gibbs sampler algorithm to estimate parameters.
First, we describe a Gibbs sampler for a standard Tobit model (Chib, 1995) . The prior distributions of ( , 2 ) are assumed to be a conditionally multivariate normal distribution and an inverse gamma distribution, respectively: 
where 1 (1) Initialize and 2 . 
where ( , ) are × 1 and × 1 covariate vectors and ( , ) are corresponding × 1 and × 1 regression coefficient vectors. The known constant threshold in (26) and (27) is replaced by the unknown but covariate dependent threshold, ′ .
To conduct a Bayesian analysis of the proposed Tobit model (12), we assume that prior distributions of ( , 2 ) are given by (11). A prior distribution of is assumed to be 
Let 0 
Note that this reduces to ( , ) 
Empirical Results
The Fair Value RMB Exchange Rate
Following the IFV approach, we estimate the fair value for the RMB exchange rate.
The is the difference between US and Chinese 2-year swap rates, as well as linear, quadratic and cubic time trends. We use 1-month 25-delta risk reversals as a measure of speculative positioning in the regression (1). Before cointegration analysis, it is necessary to test unit roots in the time series in order to avoid spurious regression (Wang et al., 2007) . Table 6 shows the results of Augmented Dickey-Fuller test. We find evidence that risk reversals are stationary, while the exchange rate and interest rate differential show a unit root.
In fact, Figure 5 shows that risk reversals behave as a stationary time series with a sample mean, which is very close, but not equal, to zero.
Table 6
Augmented Dickey-Fuller tests for the IFV model.
ADF test t-Statistic -0.524 -2.540 -4.148*** Note: *significant at 10% level; **significant at 5% level; ***significant at 1% level. Figure 6 illustrates the results. The green line is the observed daily RMB exchange rate. The red line represents the fitted value of the regression using the raw data of all variables. Finally, the blue line displays the fair value exchange rate, which the exchange rate would have been without the impact of speculative activity. We use equation (2) to get the fair value, that is, as the fitted exchange rate but using the sample mean of the risk reversals instead of the observed values. Table 7 presents the results for the whole sample period tested using the Tobit model with covariate dependent thresholds. In the models for the subsample periods, the initial Eijffinger, 1994 and 1996), China's Daily Price intervention happened on more than half of all trading days.
Results for the Whole Sample Period
The estimates do not reject the hypothesis that the PBOC followed a leaning-againstthe-wind policy by reverting to its bank exchange rate offers. The 95% intervals for bank exchange rate offer variables do not include zero, which means coefficients are significant at 5% level. The coefficient on bank exchange rate offers 1 is negative (positive) and significant for high (low) intervention in the Tobit model with covariate dependent thresholds, which means that when the exchange rate offers appreciate (depreciate), the PBOC sets a higher (lower) central parity rate to reverse this appreciation (depreciation). This gives empirical evidence for the leaning-against-the-wind hypothesis.
The coefficients on broad currency index 2 are negative and significant for high intervention, and are positive and significant for low intervention at 5% level in the Tobit model with covariate dependent thresholds, as the 95% intervals for broad currency index variables do not include zero. The broad currency index reflects the foreign exchange market conditions. Evidence shows that poor (good) foreign exchange market conditions would trigger Daily Price high (low) intervention by the PBOC. Through the use of Daily Price intervention, the PBOC makes efforts to improve foreign exchange market conditions.
Results in the Bayes Tobit model indicate that China's macro economy has negatively significant effect on low intervention, but has no effect on high intervention. The yield curve spread is the proxy for China's macro economy condition. Based on studies by Harvey (1988) , Estrella and Hardouvelis (1991) , and Rudebusch and Williams (2009) , the relation between the yield curve and the economy should be positive. The coefficients on the yield curve 3 are negatively significant for low intervention at 5% level. The low yield curve spread means that China's macro economy condition is bad. Then, the RMB exchange rate 23 depreciates, reflecting the poor economic condition. Low intervention is used to offset the depreciation of the RMB exchange rate. Therefore, the low yield curve spread triggers intervention.
Referring to the magnitude of determinant coefficients in Table 8 , the numbers for the yield curve spread for both high (0.017) and low (-0.017) interventions are smallest. The difference between numbers for the yield curve spread variables and other variables shows that the yield curve spread represents the least important factor in the PBOC's intervention decision. The broad currency index is the most important factor. Table 7 Tobit model results with covariate dependent thresholds for whole period. The significance levels are displayed as *** for 1%, ** for 5%, and * for 10%.
is the bank RMB exchange rate offers, is the broad currency index, is the yield curve spread.
Results for Subsamples: Before, During and After the Global Financial Crisis
The results for the three subsamples are reported in Table 9 . In the subsample models, as in the model for the whole sample, the initial 1,000 variates are discarded as the burn-in do not include zero. The broad currency index variables are negative and significant for both high and low intervention. These results indicate that when making intervention decisions the PBOC considers the foreign exchange market conditions; that is, the PBOC tries to improve poor foreign exchange market conditions. For the yield curve spread, the coefficient 3 is positive and significant for low intervention only. This suggests that the PBOC tries to cool down the overheating of economic growth by using low intervention.
In the financial crisis period, which is subsample 2, the aim of Daily Price intervention is to keep the RMB following the US dollar. The exchange rate regime during the financial crisis was a pegging regime, and therefore the main objective of Daily Price 25 intervention was to stabilize the exchange rate movements. Therefore, the coefficients on broad currency index 2 are significant on both high and low intervention. The bank exchange rate offers variable influences high intervention only. The coefficient on the bank exchange rate offers 1 is negative for high intervention. As with the result for subsample 1, the PBOC did use leaning-against-the-wind intervention. With regard to the yield curve spread, the coefficient on the yield curve spread 3 is negative and significant for low intervention. This suggests that in order to turn the economy from bad to good, the Chinese monetary authorities use low intervention, because low intervention can boost the import volume.
For subsample 3, all determinant factors, except yield curve spread, have significant impact on high and low intervention, as the 95% credible intervals do not include zero. The coefficient on exchange rate offers 1 is negatively and positively significant for high and low intervention respectively. Similar to the result for the whole sample, this suggests that the PBOC uses leaning-against-the-wind intervention, and wants the RMB exchange rate to be impacted more by market conditions. Both high and low intervention decisions consider the foreign exchange market condition. The negative and positive significances of the coefficient on the broad currency index 2 for the low and high intervention are at 5% level, respectively.
For the yield curve spread, the coefficients 3 are positive and significant for high intervention, but not significant for low intervention. This means that the PBOC tries to boost economic growth through high intervention, because high intervention can boost the export volume.
According to the significance and magnitude of variables (Table 10) in these three subsamples, we find that the main objective of the Daily Price intervention is different in each case. For high intervention, the main objective across the subsamples is to focus on market exchange rate condition. For low intervention, the main objective before the financial crisis is to prevent the domestic economy overheating, while during and after the financial crisis the focus is upon market exchange rate condition. 
Table 10
Marginal effects for subsamples. Note: The significance levels are displayed as *** for 1%, ** for 5%, and * for 10%.
Conclusions
This paper evaluates the influences that drive China's central parity rate intervention in a Bayes Tobit approach. In order to estimate a proxy for Daily Price intervention data, we 28 use the present central parity rate and daily fair value CNY/USD exchange rate estimated following the IFV approach.
In general, the results show that the bank RMB exchange rate offers, the broad currency index and the yield curve spread have significant effects on Daily Price intervention.
The PBOC follows a leaning-against-the-wind policy by reverting to its bank exchange rate offers. In addition, both bad (good) foreign exchange market and macro economy condition can trigger high (low) intervention.
With regard to the time-varying determinants of Daily Price intervention, results show that determinant factors vary not only between different subsamples, but also between the high and low interventions. We find evidence that across the different subsamples the main objective for high intervention is to focus on market exchange rate condition, while the main objective for low intervention ranges from restraining the domestic economy from overheating before the financial crisis, to a focus on market exchange rate condition during and after the financial crisis.
